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Priority Claim 

5 This application claims the benefit of U.S. Provisional Application No. 

60/197,832 filed April 14, 2000. 

Field of the Invention 
This invention relates to improvements in providing extraordinary realism for 
0 race car simulators: 

Summary of the Invention 
The present invention relates to a cockpit providing a display system and user 
interface for an interactive computer system. A feature of the preferred embodiment of 
5 the invention is that all of the components of a virtual reality system are incorporated 

within a simulated race car. 

In the preferred embodiments of the present invention, the cockpit has a space 
efficient arrangement of all components, including, but not limited to, optics, 
dimensional sound, a large display, and seating. This arrangement is desirable because 
;0 the virtual experience is greatly enhanced by entering into and sitting in a vehicle that 

looks and feels and sounds substantially like an actual race car. This arrangement is 
moreover advantageous because it provides a cockpit having a reduced footprint, that is, 
it reduces the square footage occupied by the simulator so that the "real estate" 
occupied by each such car can be minimized, making the simulator more attractive to 
[5 install in entertainment facilities. 

Brief Description of the Drawings 
Figure 1 is a schematic illustration of the overall of one embodiment of the 
virtual reality simulator of this invention; 
10 Figure 2 is a schematic view of a race car simulator constructed in accordance 

with the preferred embodiment of this invention; 

Figure 3 is a schematic top plan view of the race car simulator of Figure 2; 



Figure 4 is a schematic front side view of the race car simulator of Figure 2; 
Figure 5 is a schematic illustration of the overall system of another embodiment 
of the virtual reality simulator of this invention; and 

Figure 6 is a schematic illustration of another embodiment of the invention that 
5 includes an actuator for imparting motion to the cockpit; 

Figure 7 is a block diagram of one embodiment of the invention; 
Figure 8 is a block diagram of another embodiment of the invention; 
Figure 9 is a block diagram showing several simulations connected together; 
Figures 10, 11, and 12 are photographs of a race car simulator constructed in 
1 0 accordance with one embodiment of this invention; 

Figures 13, 14 and 15 are photographs of the exterior of a race car simulator 
constructed in accordance with one embodiment of this invention; 

Figure 16 is a drawing of a spherical mirror and associated frame of one 
embodiment of this invention; 
15 Figure 17 illustrates the preferred structure and method for stiffening the 

spherical mirror; and 

Figure 18 illustrates the preferred mounting of the spherical mirror in relation to 
the seating position of the player of the race car simulator. 

Detailed Description of the Preferred Embodiment 
20 Referring now to Figure 1, a computer/video projector 10 projects onto a first 

mirror 11. The reflected video image from mirror 1 1 is reflected by a second mirror 12 
onto a diffusing rear projection screen 15. A collimated image of the video 
presentations on screen 15 is provided to the viewer 25 by a concave or spherical mirror 
20. 

25 A significant feature of the preferred embodiments of this invention is that it 

enables an amazingly realistic virtual simulator system to be entirely installed within a 
simulated automobile chassis as shown in the drawing of Figure 2. Advantageously, the 
construction of the simulator 30 is similar to that of an actual racing car such as used in 
NASCAR races so that the user's virtual reality experience is enhanced by the external 

30 and internal appearance of the simulator 30. Thus, the simulator includes a chassis 
made from steel tubes and automobile cockpit advantageously includes a lightweight 
tube frame similar to or even exactly like the roll cage used in the actual race car. The 



-2- 



body 46 is advantageously formed from fiber reinforced plastic with lexan windows and 
shaped to further enhance the realistic "look" of a race car. Further, the steering wheel 
35, shifter and foot pedals 40 advantageously have a realistic look and feel and, as 
described below, advantageously control an interactive computer system. The seats 45 
advantageously are adjustable to put these controls within reach of both children and 
adults. 

In the preferred embodiment, shown in Figures 2, 3, and 4, the computer/video 
projector 50 is mounted below or partially below the floor board of the cockpit and 
projects the display image to a first mirror 55. The image is then reflected via a second 
mirror 60 to the rear projection screen 65. The viewer 25 (or viewers 25a, 25b) view 
the image as reflected off a spherical mirror 70. 

To further enhance the realism of the simulated race car experience and to 
further facilitate the mobility of the complete simulator, all of the projection and 
viewing apparatus is advantageously self-contained within the simulator 30. In the 
preferred embodiments, spherical mirror 70 is attached to the bottom of the simulator 
hood 75 and articulates around the hood axis 80. As shown in Figure 2, hood 75 may 
be closed, as shown at 90a, to give the simulator the same appearance as an actual race 
car, or raised, as shown at 90b, when the viewer or viewers are seated and the simulated 
race is to take place. 

In order that the hood 75 may close entirely, the first mirror 55 and rear 
projection screen 65 are mounted to a generally L-shaped support 100 that rotates 
around axis 105. Thus, when the hood 75 is closed at position 90a, the mirror 55 and 
screen 65 have articulated to the enclosed position shown at 110a. When the hood is 
raised to position 90b, the first mirror 55 and transmission screen 65 articulate to the 
position shown at 1 10b suitable for projecting the image into the spherical mirror 70. 

In the preferred embodiment, the radius of curvature of the spherical display 
mirror is aligned with the player or driver of the vehicle (shown in Figure 3 as viewer 
25a). Referring to Figure 18, this driver 25a is shown sitting in the left hand seat of the 
simulator looking ahead at the spherical mirror 70. The mirror 70 is slightly tilted on 
the axis 500 so that the radii 501a and 501b terminating at the eyes of the viewer 25a 
are substantially identical in length. Further, as shown in Figures 1 and 2, in the 
preferred embodiment, the center of the radius of curvature of the spherical display 



mirror is located below the eyes of the viewers. A feature of this configuration is that 
combination of the closed roof of the vehicle and downward angle of the spherical 
mirror substantially shields from ambient light the virtual display seen by the viewer as 
reflected by the spherical mirror. As a result, the simulator may be used in a fully lit 

5 room or outdoor environment. 

To further enhance the realism of the simulator experience, the preferred 
embodiment includes, as shown in Figure 3, a speaker system including large loud 
speakers 125, 126 mounted at the rear of the simulator 30 in back of the viewers 25a, 
25b and tweeter speakers 130, 131 mounted in front of the viewers and two or more 

10 side speakers 132, 133. Such a system provides three-dimensional (3D) sound. 

Quadraphonic sound is advantageously balanced to enhance the three-dimensional (3D) 
localization to each of the users 25a, 25b. Advantageously, the speakers 125, 126, 130, 
131, 132 and 133 are contained entirely within the cockpit housing so as to not 
penetrate the housing or increase the cockpit footprint. 

15 The simulated race configuration of the simulator 30 includes a large area in the 

trunk 135 which is advantageously used to house the computer coupled to the steering 
wheel and controls for providing the interactive simulation experience. 

The simulated experience provided by this invention simulates extremely well 
the real-life handling of a NASCAR race car, so much in fact that it is desirable to 

20 reduce the opportunity for motion sickness. Accordingly, one embodiment of the 

invention includes a forced-air ventilation system which, during the simulated race, 
provides a flow of air through air vents 140, 141 onto the faces of the participants 25a, 
25b. 

Another embodiment of the invention is shown in the schematic drawing of 
25 Figure 5. In this example, the video projector 150 is moved further back and further 

below within the simulator. The image projected from projector 150 is shown directly 
on the back of the rear projection screen 155 and observed by the viewer 25 as reflected 
off the concave or spherical mirror 160. 

Figure 6 illustrates schematically an additional embodiment of the invention in 
30 which the video projector 10a, first mirror 11a, second mirror 12a, projection screen 15a 

and concave or spherical mirror 20a and mounted to a stationary platform whereas the 
cockpit 200 of the simulated race car is mounted on a movable actuator and shock 
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absorber 230, 240 such that the cockpit is caused to move in response to the interactive 
controls provided by the steering wheel and hand and foot controls included within the 
cockpit area and operable by the participating operator 25. 

A feature of this invention is that it is adapted to many forms of virtual 

5 entertainment and training. Thus, in one simple version, the projector 300 is connected 

to a VCR or DVD or laser disc player 310 and to replay on the projector the video 
recording of an actual race taken by a video camera mounted on the actual race car. 

In the embodiment of Figure 8, an interactive virtual reality program is stored, 
for example on the hard disc or other suitable broadband storage media of computer 320 

10 which has a one or more inputs 325, 326, 327, 328, respectively, connected to, for 
example, the steering wheel, shifter, brake and accelerator of the race car simulator 
described above to give the operator substantial control over the virtual experience and 
thus simulate an extremely realistic virtual experience. 

The virtual reality experience is further enhanced in the system shown in Fig. 9 

15 where a number of race car simulators, each advantageously constructed as shown in 

Figures 2, 3 and 4 are located in the same or even different locations so that the 
participant drivers race against each other. Four race car simulators 400, 401, 402 and 
403 are shown each connected to the computer 410. Projector 415 is connected to the 
output of the computer 410. Computer 410 is suitably programmed to accept input 

20 signals from all of the race simulator controls — steering wheel, foot pedals, etc. and 

continuously provide to each of the participants in each of the simulators 400, 401, 402 
and 403, a virtual experience created by the interactions of each participant driver and 
thus a race that is different each time that it is experienced. Thus, for example, if Race 
Car No. 1 passes Race Car No. 2, this will be part of the action viewed by all of the 

25 participant drivers whereas in another race, at the very same time, Race Car No. 2 could 
pass Race Car No. 1. 

By way of specific example, the specifications for one embodiment of the 
virtual simulator race car constructed in accordance with the invention are as follows: 

Chassis: The chassis shown in Figures 10, 11 and 12 is made from 

30 welded mild steel tubes of various diameters and sizes with aluminum sheets 

bonded and riveted to the tubes. 
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Body: The body shown in Figures 13, 14 and 15 is made of fiber- 
reinforced plastic with lexan windows. Body is painted to depict the current 
trend in NASCAR race cars. 

Cockpit (Interior): The cockpit is very close to or exactly like current 
5 tube frame race cars with appropriate controls and seating. The doors are 

advantageously functional and have composite interior panels to house audio 
speakers. 

Sound System: A quadraphonic stereo system with (2) woofers for low- 
frequency sound and (4) mid-range and (2) high-frequency tweeters. 
10 Computer System: A 400 MHz PENTIUM III dual processor with a 3D 

graphics card of at least 16 MHz. 

Controls: Steering wheel, throttle, clutch, brakes and shift lever, all with 
force feedback. Interactive instruments mounted in instrument panel. 

Optical System: Epson Power Lite 7300 projector interfaced with 
15 computer and controls system. (1) 8" x 8" first mirror 11. (1) 18" x 23" second 

mirror 12. Acrylic blow-formed spherical dome with a laminated 1.5 gain rear 
projection screen 15. Spherical mirror 70. 

The mirror 70 is shown in Figures 16 and 17. In an exemplary embodiment, 
mirror 70 is a 55" x 69" blow-formed acrylic spherical dome which is vacuum-plated 

20 with a mirror surface such as metallic chrome and then coated with urethane. 

The preferred structure and method of supporting this acrylic mirror is shown in 
Figure 17. In one specific embodiment, a one inch thick sheet of urethane 550 is scored 
on X and Y axes 555, 560. These scores leave a series of slots on the side of the sheet 
opposite the mirror 70. In the specific embodiment, these slots are 1/8 inch thick and 

25 7/8" deep. As a result, when sheet 550 is bonded to the back of mirror 70, the sheet 550 

becomes contoured to the curvature of the mirror. 

The preferred process of manufacturing the mirror 70 includes bonding the side 
of sheet 550 facing the back of mirror 70 before the acrylic mirror is removed from the 
mold form used to create its spherical shape. The scored side of sheet 550 is then 

30 bonded and laminated with layers of fiberglass cloth and resin. In the specific 

exemplary embodiment, six layers of 8 oz. fiberglass cloth are used with epoxy or 
polyester resin. 
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As a result, the molded shape of the mirror 70 is rigidly permanently supported 
to prevent flexure of the mirror and thus avoid any degradation of the image reflected 
by the mirror to the viewer 25a. This is a significant feature of this invention since even 
a minor flexing of the mirror 70 will cause a noticeable distortion of the image viewed 
5 by the player 25 a. 

In another embodiment shown in Figure 16, the thin acrylic mirror is supported 
in a frame of steel or similar material. 

The cockpit is designed advantageously for one or two users, also referred to as 
a player or passenger. Typically, the interactive computer system of the present 
10 invention is a simulation environment designed for multiple users with each user 
positioned in his own cockpit. The interactive computer system includes, but is not 
limited to, the computer, interactive program and related software, any network 
necessary to tie multiple user (if present) together. Multiples of the cockpit are 
typically then located at a particular site, but may also be located at remote sites. At the 
15 particular site, usually within a building, there is housed the cockpits, computers, 

programs, and network and support systems for the interactive computer systems. 

As shown in Figures 10, 11 and 12, the cockpit is in a frame and housing for 
holding and securing the components within. The vehicle is comprised of three 
sections, the equipment section, passenger section and computer bay (trunk). Each of 
20 these sections has a frame. 

The passenger section has a frame that provides its central support. The skin 
and the front bulkhead of the passenger section attached together and to each other to 
form the compartment that houses the passenger seating area and controls. 

Enclosing of the cockpit by the frame and body, with the door closed, keeps the 
25 outside environment from impinging on the user's experience, permits the 

implementation of the dimensional sound, and allows for light control. Further, by 
making the interior of the frame to match, the user has no visual distractions when 
inside the cockpit other than those intended by the computer graphics of the simulation 
environment and the displays presented; with the door closed, the interior of the cockpit 
30 is dark. The material of the coverings and the door (not shown) is typically robust such 

as a vacuformed ABS plastic. Preferably, that material will be laminate of black layer 
for the interior of the cockpit. 
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To aid in maintaining a comfortable temperature within the cockpit, forced air 
ventilation is provided in the cockpit. For the ventilation, a ventilation fan is located 
under the instrument panel. The fan opening penetrates both the interior bulkheads. 
The ventilation fan provides for the air circulation from the exterior of the cockpit to its 

5 interior. This ventilation improves user comfort and reduces the opportunity for 

simulator sickness. The ventilation fan is further selected and operated for quiet 
operations so as to no adversely affect the audio presentation. 

A sound system is provided to the user. Localization of sound sources is a 
preferred embodiment of the present invention. The quadraphonic sound system 

10 implemented is exemplary, but not restrictive, of the three-dimensional sound system of 
the invention. All of the speakers of the sound system are contained entirely within the 
vehicle cockpit and do not extend outside the cockpit that would increase the cockpit's 
reduced footprint. Speakers (not shown) are typically mounted inboard facing the 
driver or passenger. Sound is reflected from the source speakers (not shown), off the 

15 interior surfaces of skin coverings and the door (not shown) to the seated user. These 

acoustic reflections increase apparent separation of stereo image both in front of and 
behind passenger. This wider apparent separation in the front stereo image and 
especially the rear stereo image make the apparent spacing among the four speaker sets 
more equal, resulting in a superior quadraphonic 3D presentation. 

20 The dimensional sound system is implemented with a group of balanced 

quadraphonic speakers. Off-the-shelf speakers are strategically located within internal 
space of the cockpit so as to deliver the most realistic sound possible. Woofers are 
located in woofer speaker openings. Two of the woofers are located in the bay behind 
the passenger seat in holes provided in the interior cover plates and extend in the space 

25 behind the interior cover plates. This central placement of the rear woofers is sufficient 

because the bass is largely non-directional. 

For example, should it be necessary to cause the cockpit computer to load a new 
computer program, this operation would be accomplished by connecting a keyboard 
(not shown) within the computer bay. The monitor adjustment knobs provide for the 

30 tuning of the primary display monitor and the secondary display monitor. Vertical 

height, vertical position, horizontal width, horizontal position, brightness, contrast are 
exemplary of the adjustments. 
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Brightness, key-stoning and image quality are adjusted through the digital 
projector. The magnifying mirror located within the optics package is under the cover 
to the optics enclosure (hood) and is removable for aligning, servicing and cleaning the 
optics. It articulates up to seventy-five degrees (approximately) for optimal viewing 
5 and image control. 

The magnifying mirror is a spherical section that increases the size and apparent 
distance to the image from the primary display. A key point of this invention is the 
position of the spherical mirror is concentric to the viewer and reduces the effect of 
ambient light. 

10 The wide angle maximum field of view is approximately 30° vertically and 40° 

horizontally. This orientation of the display device that includes the primary display 
and the related optics — the mirror makes the seated user feel that he is looking out the 
windshield of a vehicle into the computer generated simulation environment. Further, 
the increase in the apparent distance to the image makes the image appear to be a life- 

1 5 sized environment. 

The cockpit includes a leg area in which is located the foot pedals and leg room 
for the cockpit user. The leg area extends from the passenger section forward to the 
foot pedals within the lower portion of the cockpit just adjacent to the optics package. 

When the user is ready to start his virtual reality experience, he locates the 

20 vehicle designated for him by the external labeling (graphics) on the outside of the 

vehicle. 

Each user then climbs into his designated cockpit to begin. The user closes the 
door of the cockpit that depresses a door-closed switch (not shown), that triggers a 
sound effect and starts the program sequence. If there are any problems, the operator 

25 can override the starting sequence and stop or suspend the program. 

Once the door has closed and the program has started, windows located on the outside 
of the body covering allows an operator to view the inside of the cockpit without 
breaking into the interior space of the cockpit. In the event that the operator determines 
it is necessary to communicate with a user inside the cockpit without opening the door, 

30 the operator may use the intercom to plug in a headset (not shown) and talk with the 
user using the communication system provided. 
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